A novel bacterium was isolated from the subgingival plaque of a patient with periodontal disease. Bacterial strain BA112
Summary
A novel bacterium was isolated from the subgingival plaque of a patient with periodontal disease. Bacterial strain BA112
T is a facultative Gram-positive coccus. It metabolizes alanine, arginine, glycine, histidine, leucine, proline, serine and tyrosine, but does not appear to use carbohydrates. Urease, esculin, indole, catalase and nitrate reduction tests were all negative. Major cellular fatty acids were C 18:0 , C 12:0 , C 16:0 , C 18:1 w9c and C 20:0 . The genome was sequenced and is 2.4 Mbp in length and has 64% GC content. Based on phylogenetics of the 16S rRNA sequence and concatenated alignments of 37 conserved proteins, BA112 T belongs to the family Actinomycetaceae but is located on a branch of the tree without currently named members. Based on our phenotypic and phylogenetic studies, we propose that BA112 T is the first known representative of a new genus, for which the name Peptidiphaga gingivicola gen. nov., sp.
nov. is proposed. The type strain is BA112 T .
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| INTRODUCTION
Periodontitis results from interactions between mammalian host cells and complex subgingival bacterial communities. Studies using molecular methods have demonstrated that many of the bacterial species that inhabit the oral cavity remain to be cultivated 1, 2 and have provided evidence for the association of previously uncultivated phylotypes with disease. [3] [4] [5] [6] A better understanding of the biology of these uncultivated bacteria is essential to our understanding of the biofilm community dynamics in both health and disease. This study describes a novel bacterium isolated from the subgingival plaque of a patient with periodontal disease. In a previous investigation this bacterium was more commonly found in patients with periodontitis than in periodontally healthy individuals. 4 Based on the phylogenetic and phenotypic results presented below, we propose that this isolate, referred to in this paper as BA112 T , is sufficiently unique to warrant a new genus and species designation, Peptidiphaga gingivicola gen. nov., sp.
nov.
| METHODS

| Sample collection and plating
Subgingival plaque was obtained with paper points, which were transported to the laboratory in Liquid Dental Transport Medium (Anaerobe Systems, Morgan Hill, CA). The patient provided informed consent through a signed statement before participation. The human subjects protocol was approved by the Ohio State University Institutional
Review Board (protocol 2007H0064). After a 10 4 -fold dilution in prereduced brain-heart infusion (BHI) broth, samples were plated on Brucella blood agar (Anaerobe Systems, Morgan Hill, CA) at 37°C in an atmosphere of air and 5% CO 2 . Single colonies were subcultured to ensure purity.
| Culture identification
16S rRNA gene sequencing was performed to identify colonies of interest. For DNA isolation, colonies were collected from blood agar plates and incubated at 56°C for at least 2 hours with 10% proteinase K in Buffer ATL (Qiagen, Valencia, CA), and then homogenized for 1 minute with 0.25 g of 0.1-mm glass beads in a BioSpec Products BeadBeater. Genomic DNA was then isolated using the QIAamp DNA Mini Kit (Qiagen). The 16S rRNA gene was amplified by polymerase chain reaction (PCR) using the semi-universal bacterial primers A17
(5′-GTT TGA TCC TGG CTC AG-3′) (Escherichia coli positions [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] and 317 (5′-AAG GAG GTG ATC CAG CC-3′) (E. coli positions 1551-1537) (Biosynthesis, Lewisville, TX), as described previously. 7 After purification with the QIAquick ® PCR Purification kit (Qiagen), the PCR product was sequenced using the Sanger method, using an ABI Prism cycle sequencing kit (BigDye Terminator Cycle Sequencing) and an ABI 3730 instrument.
| Whole genome sequencing and assembly
We processed the genomic DNA for whole genome sequencing by were apparently due to collapsed repeats. We were able to generate a probable assembly for those regions using Bandage. 11 We therefore were able to generate a three-contig assembly for the Peptidiphaga genome, with each contig ending in a copy of the ribosomal operon.
The orientation of the contigs is known but the relative order is uncertain and we have not been able to generate sufficient high molecular weight genomic DNA to discern this arrangement. We checked the genome with REAPR 12 and although it flagged some possible anomalous regions, none of them seemed to be mis-assemblies by visual inspection of the mapped reads. The model of the genome we produced aligned extensively with the genome of Actinomyces oral taxon 848 (NCBI RefSeq accession NZ_ACUY00000000.2) that had been independently sequenced by others using 454 technology. A set of 12 pairs of PCR primers was used to amplify between unique flanking regions and the rRNA operons and across the corrected mis-assembly regions and all gave expected size fragments.
| Phylogenetics
The NCBI refseq sequence database was searched for genomes from the genera Actinobaculum, Actinotignum, Arcanobaculum, Trueperella, Mobiluncus and Actinomyces. Because of the large number of species in genus Actinomyces, we limited those to species found in the oral cavity. We extracted 16S rRNA gene sequences with Biochemical characterizations of substrate utilization and enzyme activity were performed using the API test kits rapid ID 32Strep, rapid ID 32A, Coryne and ZYM. Cells metabolized alanine, arginine, glycine, histidine, leucine, proline, serine and tyrosine. Phenylalanine use was variable. Tests were also positive for acetoin production, acid phosphatase, alanyl-phenylalanyl-proline arylamidase and naphthol-AS-BI-BDphosphohydrolase. Leucyl-glycine arylamidase activity was variable.
The following substrates were not used: arabinose, fucose, mannose, d-arabitol, glucose, glycogen, lactose, maltose, mannitol, ribose, saccharose, xylose, gelatin, glutamic acid, melezitose, melibose, pullulane, raffinose, sorbitol, tagatose, trehalose and valine. Urease and esculin were negative, nitrate was not reduced, and indole was not produced.
Catalase was negative. The following tests were also negative: α-and β-galactosidase, α-and β-glucosidase, chymotrypsin, fucosidase, alkaline phosphatase, α-and β-mannosidase, arginine dihydrolase, 2) Protein-coding genes on the reverse strand; (3) RNA-coding genes with rRNAs red; (4) GC content; (5) GC skew. The arrow points to the putative origin, determined through GC skew and the presence of dnaA and rpmH genes. 31 Note that the position of the unique contigs between the rRNA repeats has not been determined and that they might be switched from the picture, although the orientation should be maintained Actinobaculum massiliense (Accession number AF487679), had a similarity value of 90%, indicating that BA112 T is a novel species. 23 We subsequently performed whole genome sequencing with the Illumina technology and performed de novo genome assembly as described in the Methods. This Whole Genome Shotgun project has been deposited at DDBJ/ENA/GenBank under the Accession number LVZK00000000. Version LVZK01000000 is described in this paper.
The raw data are associated with BioProject PRJNA317166. We were able to derive a three contig genome with the aid of assembly graph inspection, pair read mapping and designed PCR probes. The remaining ambiguity was associated with the order of three unique regions between rRNA repeats, and one base within the 23S rRNA genes The genome was annotated using the IMG-ER system and was found to comprise 2,524,828 bp with a GC content of 64.4%
( Figure 1 ). There were 2065 predicted protein coding sequences and 60 RNA encoding genes including three ribosomal operons as discussed above. There are two regions with CRISPR repeats and CRISPR-associated proteins. The observed lack of growth on carbohydrate substrates was not easily explained by the genome sequence because the organism contains genes for glycolysis and sugar transport. It also has genes for an F 1 F 0 type membrane ATPase and an NADH:ubiquinone oxidoreductase together with fumarate reductase and a nitrite reductase, which may be involved in anaerobic respiration. The genome also appears to code for a type VII secretion system as also found in Mycobacteria and other Gram-positive organisms; 26 however, in BA112 T the WXG100 genes that encode the putative secreted substrates are located in a separate genomic location.
We compared the genomic sequence of BA112 T with the genomes from related bacteria to clarify the phylogenetic relationships among organisms in three ways. The first used 16S rRNA genes from type strains and strains with sequenced genomes aligned with SSU-ALIGN 14 ( Figure 2A ), whereas the second used a concatenated alignment of 37 conserved proteins that was generated by the Phylosift program as suggested by Rinke et al. 27, 28 ( Figure 2B ). Figure 2 shows trees generated by the RAxML maximum likelihood method. 18 The trees predicted by either protein or 16S rRNA alignments were essentially the same, as were additional trees calculated with the mRBayes Bayesian inference method (see Supplementary material, Figure S1 ). 19 Finally we determined the AAI values between BA114 and related species 
| DISCUSSION
In analyzing the phylogenetic trees, we note although BA112 T forms a clade with the isolate designated as Actinobaculum sp. oral taxon 848, all named Actinobaculum species are located on a well-supported separate branch that also includes Actinotignum.species. Therefore we suggest that Actinobaculum was an incorrect genus designation for oral taxon 848.
Phylogenetically, the closest genera to BA112 T are Actinobaculum and the recently named Actinotignum, 29 and as mentioned above these are located on a well-supported branch separate from BA112 T .
The designation as a novel genus is further supported by AAI values of < 65% with the closest named relatives, as 65% AAI has been suggested as a dividing line for genus. 30 By a related argument, it appears that the species currently named Actinobaculum sp. oral taxon 183 might be a second species in the genus with BA112, with the AAI value of 70.93%. At any rate it is clear based on the phylogenetic analysis that BA112 T should be assigned to a novel genus and species.
We propose as the genus name Peptidiphaga (Pep.ti.di.pha'.ga.
N.L. n. peptidis, -is, peptide; Gr. fem. n. phaga, -ae, eater; N.L. fem. n.
Peptidiphaga, peptide eater) with a description as follows. A Grampositive, facultative, non-spore-forming coccus. Grows well in anaerobic conditions (85% N 2 , 5% CO 2 , 10% H 2 ) and in air/5% CO 2 , but poorly in ambient air. The type species is Peptidiphaga gingivicola.
We propose as the species name: gingivicola (gin.gi.vi.co'.la. L. fem. The type strain BA112 T , has been deposited in the ATCC (www.
atcc.org, BAA-2480) and CCUG (www.ccug.se, CCUG63931) culture collections.
